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21 June 1945 


miORAMDUli To COLONEL GEORGE A. 31CIER 


Subject; Investigation of Labors torium Jteueratein 


1, This report is to cover the technical investigation of the 
I^iboratorium Feuerstein whose auin laboratories arc located in Eberimnnatadt 

near Nuromburg, Germany, and which at one time had sections from it at 
Kirchentall, St. Kart in, below Lof er , and whose second subsidiary group is 
located in Pinzberg, near E'bernminstadt. fjiap T'^xh \'[Q 42). The investi- 
gation of this laboratory wan conducted by A .jor H. C. Barlow, Signal 
Intelligence Division, Office of the Chief Signal Officer, Hi ET0U3 and 
by ila j or Heller (British) Signal Intelligence, G~2, SliJSF. 

2. The Laboratorium FeuerstGin was originally established in Eber- 
mannstadt and its primary mission wae the development and research on audio 
frequency circuits and associated apparatus. Before the occupation of this 
territory by the United States Army, this laboratory employed approximately 
150 men in a large and excellently equipped laboratory which is entirely 
undamaged. The laboratory has complete machine shops for the forming of all 
materiel as 'well as an excellent supply of all laboratory instruments and 
meters needed for voice frequency research. On a : pruximately A[ rii 15th the 
German High Connfrnd ordered that a certain section of this laboratory gather 


its more completed projects on speech scrambling and move from this district 
to the area in the Bavarian Alps near Berchteagaden, Germany. Eventually 
this laboratory was located in Kirchental where it practically never got into 
operation* 

3. The laboratory in Kirchental was found to contain three projects 
which vure not completed, but were well enough advanced to explain the 
technicaj principles involved; 

a. The first project waa called Development ,f Gleichlauf ,r . 


Development "Gloichlauf 11 consisted of a teletype scrambler apparatus which 


rather had its synchronic tion -reviled b 
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generator. The cipher mechanism presently used 'was the old version of the 
standard Gorman teletype scrambler, Sometimes called the G-ehe im pem- 
chreiber ana known to Allied porcea as the **. The cipher rinciplca 

involved wore ixnchangud, but the ictor Lrive had boon changed to a synchro- 
nous motor which receives its power from the Crystal controlled frequency 
generator. When there is no transmission to be enciphered* the "Gleichlauf M 
continues to send out cipher key* the purpose beinr to disguise the amount 
of traffic handled over the circuit as well as to conceal the actual place 
where iae&i.u?e texts at .rts. In addition to die ^enoi .g with the start-stop 
pulse* this method of sj ichronisatioa offers the a ivai:ta; j ol ixiintaining 
cryptographic synchronization during a period of Hiding or any form of man- 
made interference which might interrupt the radio teletype channel. However, 
it 1 b felt by the German personnel involved that the sending out of continuous 
key for a 24 hour period seriously co -premises the present coding arrangement , 
so it had bean planned to provide a cipher control mechanism of 15 disks 
rather tiian the normal 12 in this machine so ae to permit the formation of a 
cipher key using a period of approximately 56 hours. As a nov/ setting would 
be made every 24 hours, there would never be any repetition of the cipher Ice. 


being used. In addition to whatever advantages this *oachine 1 ay havo in send- 
ing out pure teletype transmit sions , it also serves as the basic cipher key 

for several types of high grade scramblers which will be described later. 

b. "pauatein” was intended to be a medium grade voice scrambler 
to provide local security over internal landline a , but it was never intended 
to provide high grade telephone scrambler security over radio channels. In 
this development the only portion of the speech pas r. 1 was that portion between 


400 and 1 



cycles , the rest being eliminated by band pa s s filters. The voice* 


frequencies arc alternately transmitted in the nor. .ml iran.eur and then inverted 
and transmitted in th 1400 to 2700 cycle region. To complement this trans- 
mission, when the voice frequency was in the lower band, the band between 1400 
and 2700 cycles was filled by miscellaneous noise, and when the voice t rams - 


mission was in the 1400 to 2700 cyclj band, the 400 to ] 



cyeio band a 
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r zLut 1 its synchronic: tion rovidad oy Cry it ,1 cent rolled frequency 


generator. The cipher mechanism presently used was the old version of the 


standard Gorman telutype scrambler, sometimes called the &©heiu forn- 


□ chreiber and known to Allied Forces as the "pish 11 . The cipher principles 


involved wore unchan, -,d, but the \o\:or drive had boon changed to a synohi >- 


nous motor which receives its power fr i the Crystal control! d frequency 


generator. V/hen there is no transmission to be enciphered, the "Gluichlauf 11 


continues to send out cipher kq the purpose being to di: uis^ the amount 


of traffic handled over the. circuit as well as to conceal the actual place 


where message texts starts. In addition to dispensing with the start-stop 


pulse, this method of synchronization offers the u :/mntage of maintaining 


cryptographic synchr end. za t i un dnving a period of fading or any form of ._jan 


pads interference which might interrupt the radio teletype channel. However, 


it is felt by the German personnel involved that the sanding out of continuous 


key for a 24 hour period seriously comp romance the rrusent coding arrangement , 


so it had boon planned to provide a cipher cuntroD mechanism of '15 disks 


rather tiian the noi. n l 12 in this im chine so as to permit the formation of a 


cipher key using a period of approximately 56 hours. As a now setting would 


bu made every 24 hours, there would never be any repetition of the cipher key 


being used. In addition to whatever advantages this m chins may have in send- 


ing out pur© teletype tr-.i^ -lesions, it also sem/v as the basic cipher key 


for several types of high grade scramblers which will be described later. 


b, "Amu tain" was intended to be a medium grade voice scrambler 


to provide local security over internal landlines , but it was never intended 


to provide high grade telephone sera .abler security over radio channels. In 


this development the only portion of thu speech pass ad was that portion between 


400 and 1500 cycles, the rest being eli dnated by band ■ ;gs filters. The voice 


frequencies were alternately transmitted in the nor: ii ; u or and th-,n inverted 


aj 1 transmitted in the 1400 to 2700 cycle region. To complement this trans- 


mission, when the voice frequency v/as in the lower band, the band between 



and 2700 cycles was filled by miscellaneous noise, and iirfien the voice trans- 
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ilasion was in the 1400 to 2700 cycle band, the 400 to 1300 cycle band was 


i “ ..r : i\^ synchronic lion rovided by Crystal controlled frequency 

generator* The cipher mechanism presently used was tho old version of the 
standard German teletype scrambler, sometimes callod the (Jeheim Fern- 


cchr iber and known to Allied Forces as th j fl 3 l ish ,, # The ci hui principle 


n 


involved were unchanged, but, the motor drive had b uun changed to a synchro- 
nous motor which receives its power from the Crystal controlled frequency 
generator, V/hen there is no transmission to be enciphered^ the "Gleichlauf lt 
continues to send out cipher key, the purpose being to disguise the amount 


of traffic handl ,d over the circuit 10 v/oll 


uo 


to conceal the actual plac 3 
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where message texts starts. In addition to dispensing with the start-stop 
pulse, this method of synehr oni zat ion offers the advantage of maintaining 


cryptographic synchronization during a period ui jading or any fore of man- 
made interf erence which might interrupt the radio teletype channel. However , 
it ia felt by the Gorman pe’rbOhneX involve a that the sending out of continuous 


key for a 24 hour period seriously co npromisce the present coding arranger. 


so it had been planned to provide a cipher control mechanism of 15 disks 
rather tlian the norma 1 12 in this machine no as to permit the fermtion of a 
cipher key using a period of approximately $6 hours. Ag a now setting would 
be niade ovary 24 hours, there would never bo any repetition of the cipher key 
being used. In addition to whatever advantages this machine may have in send- 
ing out pure teletype transmissions* it also servos as the basic cipher key 

for several types of high grade a era** loro which will be described later, 

b, "dauutein" was intended to be a medium grade voice scrambler 

<# 

to provide local security over i jatema 1 landlines, but it was never intended 
to provide high grade telephone scrambler security over radio channels, in 
this development the only portion of the speech passed was that portion between 
400 and 1500 cycles the rest being ell in .ted by band j mss filters. The voice 
frequencies were alternately transi itted in. the nor '1 manner and then inverted 
and transmitted in the 12+00 to 2700 cycle region. To complement this trans- 
mission, v/hen the voice frequency was in the lower band, the band between 1400 
and 2700 cycles was filled by miscellaneous noioc, and when the voice trans- 


mission was in the 12 +jOO to 2700 cycle band, the 400 to 1300 cy ;lo band v.a 
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high uid low band transmission varied between thxuo and six cycles per second, 
the rate of variance being controlled by the volume of the incoming speech. 
This switching pulse v as transmitted from the s a 'ling to the receiving instru- 


ment by means of a 31D cycle note, when co:p2 ted, this device weighed approx- 
imately 75 pounds and fitted in the standard German pack traiiS.iiitter case of 
approximately 1,2 cubic feet. This development was complete, but the existing 
four models had been destroyed prior to its capture. 

c. High Grade Voice Scrambler (No Short Title), was constructed 
on the principle of synthetic speech* The incoming speech was split by means 
of band filters into eight consecutive frequency bands from the range of 1 oO 
cycles to 3000 cycles whose output was then ructiflmi and amplitude modulated 
eight separate carrier frequencies. There was also a ninth channel which 
served to maintain t ho balance between melodic tones and pure noise in the 
human voic , will ch also modulated a ninth carrier channel. These nine carrier 
channels were then rapidly transposed by j.eans of what was called the three- 
fold tT 7/obb clung", By * loans of beat frequencies and scries parallel f ilter 
circuits, a system had been devised which served to transpose all incoming 
si ;nals. These transpositions could bo controlled by varying four condemnors 
controlling the four waster oscillators* The ci Ira key for control of these 
raster oscillators was furnished by the "Gleichlauf 11 previously described in 
Sub;, mragra h la. The theory and principle of this device was complete, but 
actual construction had only gone as far as ; iving good results on synthetic 
speech production and pr ctice tests on thr refold /obb clung. This pro j t 
was 50 r ,r oe.;t complete ■ nd some trouble Iiad been experience" because the 
original design had not provided filters ith sharp enough cutoff. The result 


was that the speech contained gaps which cut out the voice transmission and 
filled in with the note of one of the beat oscillators,. This difficulty n 


bein overco- ... 



the use of filters with sharper cutoff characteristics. 


2f. An investigation of the personnel of the I .bora'torium Peuerstein 
at Kirchental disclosed tin b eight of the supposed :chanics working in the 
laboratory were ss troops in civilian disguise ni that the Group Chiof, 
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ana low band transmission varied between throe and six cycles per second, 
th 3 t of vmriun ;e being controlled by the volume f the incoming speech* 


This switching pulse was transmitted from the swi 



to the roc civ n : instru- 


,ont by means of a 34-G cycle note. pucr completed, this device weijiod i jprox- 
imately 75 pounds and fitted in the standard Go naan pack transmitter case of 
'-pproxi. ately 1*2 cubic feet. This deve lognent was oom.plute* ut the existing 
four models had been destroyed prior to its capture. 

c. High Grade Voice Scrambler (ho Short Title)* was constructed 
on the principle of synthetic speech. The incoming speech was split by means 
of band filters into eight consecutive frequency ban Us from the range of 1 
cycles to 3000 cycles whose output was then rectified and amplitude modulated 
eight so rate carrier frequencies. There was also a ninth channel which 
served to aintuin the balance between melodic tones and pare noise in t to 
human voice* which also modulated a ninth c : j_ier channel. Those nine e rrier 
channels v/ere then rapidly traj imposed by means of what was called the thre - 
fold ”V/obbelur. ’h Dy .cans of beat frequencies and series parallel filter 
circuits* a system had been devised which served to transpose all incoming 
signals. These transpositions could be co, droll 1 by varying: four condensers 


controlling the four master oscillator 




The cipher key for control of these 


; istur oscillators was furnished by the "Gloichlauf " previously described in 
Subparagraph la. The theory and rinciple of this device was complete, but 
actual construction had only gone as far as giving ood results on synthetic 


c 
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peech production and practice tests on threefold fobbelung. This project 




50 per Gent complete and some trouble had been experienced because the 


original design h d not provided filters with share enough cutoff. Th result 

m ' — ' *■ p4— - * 

wa,s that the speech contained gaps which cut out the voice trai smissi< n and 
filled in with the note of one of the beat oscillators# This difficulty was 
being overcome by the use of filteiv with sharper cutoff characteristics# 

if# An investigation of the personnel of the Laboratories. Feuurstein 
at Kirchental disclosed that ci it of the supposed mechanics v/arking in the 
laboratory were SS troops in civilian disguise 1 that the Group Chief, 

Doctor '.Vilhelm Going, was wanted by the Allied .-authorities because of his 


workers was identified a a Doctor Worn r J^ohkneclit > who was wanted as Codes 
and Ciphers Expert for OKH« The arrest and search of all personnel in this 
Laboratory broi id; forth pro:ci;.:ately ix hid, Ion weapons and as a resuli the 
101st Airborne Division CIO Detach . ac it detained the eight troops and Doctor 

I 

Going. Doctor Liebknoclit m rented and sent to Headquarters, United ct> tes 
Third Pr^y for s jinx interrogation,. To co : soli date this Labor .tory for 
complete exploitation, the equipment, materiel, and, docu icnts of the Group t 
Kirchental were removed to the main Laboratory at Eberr.iannstadt . 

5* A superficial investigation of the projects which had been perfected 
at the Laboratories at ^Jbermannstadt were found to be the following; 

a. The Acoustical Torpedo — * the torpe lo v/hich followed the sound 
of the or op el lore of any ship until impact. 

b. The Jaiti—avdar gul nine Coating — a coating of one quarter 
v: ve diploes which g vevented any echo fro,.; t e sigimi sent out by sib.arine 
detection dev ices. 

c. Hachtfee — J L night fighter control based on phase displacement. 
Designed for the control of multiple air craft. 


d. Speech Spectrum .analyzer — Originally uoveloped by Doctor Lot 


£J 


in Staats. Used as an aid in deciphering ; scra^ibled speech. Provides on film 
a continuous re cor din of the main frequencies and the energy in each frequency 
being received. The system is based on the Phillips - Muller recording spate;, 
for oscillography. 

e. Speech Stretcher — A system of doubling or halving the speech 
frequency while loublin, the time bare. Used for speech interception and is 


r> 

CJ- 


very effective means of cutting out interference or distortion. 


f. .._ents Transmitter — 'A transmitter for clandestine t±. emissions 


winch provides for high speed keyin * by means of a magnetophone record and. a 
dial system of keying, provided with 80 K; output in very small space with 
crystal control on 80 selective frequencies from one crystal oscillator, 

g, Multiple Frequency Generator From One Crystal — Based on multi- 
vibrator 'drive v/hich provides stable crystal control frequencies v/hich are 
not harmonica of the basic crystal frequencies* The present design allows 80 


workers was 


entified as Doctor Y.Arn i Li^bknecht , who was wanted as Codes 


and Ciphers Expert for OKH 



s arrest and search of all personnel in this 


laboratory brought forth &pp roximate ly six hidden weapons and as a result the 


101 st Airborne Division CIO Detachment detained the eight 


DC tioo 


)E 




and Doctor 


Going. Doctor Lieblcnocht ./v. maented and sent to headquarters, United jt tea 

% i 

Third Ar.-.y for special interior tion. To consolidate this Lab' ratory for 
complete exploitation, the equipment, materiel, and docu ^nts of the Group at 
Kirchental were removed to the a. ..in Laboratory at Eberuunnstadt , 

5, A superficial investigation of the projects which had been jjorfocted 
at the Laboratories at Sbermamstadt were found to be the following: 

a. The Acoustical Torpedo — the torpedo which followed the sound 
of the propellers of any ship until impact. 


b. The Anti-Radar Sub, trine Coating 


r\ 

CX 


coating of one quarter 


\ ive dip loos ,/hich p ■evented any echo from t. e signal sent out by submarine 
detection devices. 

c. uachtfee — ni At fighter control based on phase displacement. 
Designed for the control of multiple air craft. 

d. Speech Spectrum -jaalyzer — -Originally developed by Doctor Lots 
in Staats. Used as an aid in deciphering scrambled speech. Provides on film 

a continuous recording of the main frequencies and the energy in each fx ajuuncy 
being received. The system is boned on the Phillips - Muller recording system 


for oscillog.^ 



e. Speech St re tcher — r system of doubling or halving the speech 
frequency while doubling the time base. Used for speech interception and is 


c 


x very effective me an a of cutting out interference or distortion. 


f. Agents Transmitter — A transmitter for clandestine transmissions 
which provides for high speed keying by means of a magnetophone record and a 
dial system of keying. Provided with 80 K». r output in very small space with 
crystal control on 80 selective frequencies from one crystal oscillator. 

g. Multiple Frequency Generator From One Crystal — Based on iulti- 
vibrator drive which provides stable crystal control frequencies which are 
not harmonics of the basic crystal frequencies. The present design allows 80 


different frequencies which can be expanded to several hundred frequencies 


h, UHP Transmitter-- Provides several KW continuous output on 


1 CM wave length* ,7orka on Magnetron principle. Unconfirmed reports have 


rumored this device to be a basis for further research on death rays* Ir 




connection with this it should bo noted that there is in existence in a 


neighboring laboratory a 40 KW one CM trans .litter us in: the KLYLTRON principle* 


i. Voice Frequency Spectre graph-* -provides cm accuracy of 10-7 and 


i; an i iprovement on existing standards. Also used for laboratory c libration. 


j, Mechanical Frequency Amplifier— pr jvidos audio frequency output 


of several R. co acity from an una; nlified crystal oscillator. The crystal 


frequency serves as a governor for a mechanical generator. 


lc. Radio Receiver — -Principle provides untuned RF and IF stages, 


but yet all ws high selectivity and sonsltivit , Use? filters instead of 


tuned circuits u the RF and IF it gas, The si ,lo tiinin control is on the 


oscillator 


1, gave Trap — Filters circuits to eliminate powerful fixed comoer- 


cial stations to allow reception of weak signals. Used by the £cnran inter- 


cept service. 


m. General Filter Design — T-iis organiz tion Ims mastered the design 


of filters go as to provide filters of extremely sharp cutoff ks well as a flat 


response curve, any desired type of curve can be t .ilor made. 



le resulting 


filters hav<., a ne eligible temperature coefficient while still being Lade of 


standard .juturial. 


C t The Laboratorium Feuerstein had the following projects still under 


development : 


a. Calculating Machine which would instantaneously solve equations 


to the power of N# This machine is nt present complete, but not coLpl^tely 


aligned* The results of the equation is shown as an ELYS IAN figure or spot 


representations on a Cathode ray tube with a calibrated grid overlay. It is 


possible to extend this machine to solve equations up to N^. The principle 


of operation is based on resolving the equipment into sine and co-sine func- 


tions with being the fundamental frequency whose amplitude was iroportionat 


the co-efficient j the 1st, 2nd, and 3rd power terms were represented by 
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r .ns^itter— Provi js several KW continuous output on 


1 


.1 wave length* Works on Magnetron principle* Unconfirmed reports have 


rumored this device to be a basis for further research on death rays. In 
connection with this it should be noted that there is in existence in a 
neighboring laboratory a 40 KJ one Q.f truaauittor usir. w the KLYhTROIJ ^ rinciple 

i. Voice Frequency SpectrOf,raph— Provides on accuracy of 10-7 a. , 


i b an improvement on existing standards 


« *1 


Xlso used for labor .toiy calibration* 


j. Mechanical Frequency A.. plifier — Provides audio frequency output 
of several KV / capacity from an amplified crystal oscillator. The crystal 
frequency serves as a governor for a mechanical generator* 

lc* Radio Ru c o i v o r — Pr in c Ip 1 e provides untuned R F and IP stages, 
but yet allows high selectivity and sensitivity. Uses filters instead of 
tuned circuits u- the RF and IF stages* The single tuning control is on the 
oscillator. 


l. ,,'uvj Trig — Filters circuits to eliminate powerful fixed ca^nr- 
cial stations to allow re caption of weak signals* Used by the Goman inter- 
cept service* 

m. General Filter Design — This organization lias mastered thm design 
of filters so as to provide filters of extremely share cutoff as well as a flat 
response curve. Any desired type of curve can bo tailor made. The resulting 
filters have a negligible temperature coofficiant while still being made of 
standard material. 

6, The Laboratoriua Feuerstein had the following projects still under 
development ; 

a. Calculating Machine which would instantaneously solve equations 
to the power of IT » This machine is -t > resent complete, but not completely 
aligned* The results of the equation is shown as an ELYSIAN figure or spot 
representations on a Cathode ray tube with a calibrated grid overlay, jt is 
possible to extend this machine to solve equations up to hp . The principle 
of operation is bas^ ' on resolving the •_ quip lent into sine and co-sine func- 
tions with fr being the fundamental frequency whose amplitude was proportiemate 
to the co-efficient; the 1st, 2nd, and Jrd power ter: is were represented by 
the 1st, 2nd, and 3rd harmonics, the co-cfiiclent of each term being represented 


equations for the design of wings of high speed planes and in the design of 
projectiles, which formerly took 14 days to solve. 


b. The Speech writer — Intended to replace the synthetic threefold 
• be lung high grade speech scrambler vs ".veil _ numerous )ther applications. 

p 

This project was complete in principle, but only 25 per cent complete in con- 
struction. It worked on the principle of resolving speech into 25 representa- 
tive symbols by means of filters and the output could be attached to any 
veche nical printer. The eventual application was to have the ~5 symbol output 

of the speech writer fed into a teletype serde abler such as n Gleichlnuf n and 
therefor- the speech could bo transmitted on teletype channels. The teletypo 
speed of transits si on was fast enough to keep up with the speed of speech. 

The vowel sounds could ah. ays be identified as the vowel letters but certain 
consonant sounds were arbitrarily represented by a symbol. One of the i port ant 
components of this device was a special pentode tube which lias the equivalent 
output voltage as well as control on the r 'ini Hum trigger potential. The control 
wn. - applied on No. 2 and No. 3 grids. The work had been completed f r .1 


v v/el sounds and further an lysis would be vcc. :ry to complete filter analyai 




for the remaining consonant sounds. 15 circuits were required for the complete 
resolution of the vowel sounds and the consonant sounds would require an addi- 
tional 50 to 60 circuits. To complete the research on this no as to detailed 
principles of operation and values would require a No. 1 priority and eight 
weeks of time. 

1. Complete technical analysis, explanation of principles of .oration, 
and circuit values, and drawings for development "Gleichlauf % "Bauatein**, and 
the synthetic Speech Scrambler is now available. 

8. It is understood that both Doctor Werner Liebknecht and Doctor Oskar 
Vierling are on the wanted list as special civilian scientists. 


(SIS ED) 


HOu.'iSD C. B.1R LOW 
J.iajor, Sign; 1 Corpa 


